Protein folding intermediates of invasin protein IbeA from Escherichia coli.
IbeA of Escherichia coli K1 was cloned, expressed and purified as a His(6)-tag fusion protein. The purified fusion protein inhibited E. coli K1 invasion of human brain microvascular endothelial cells and was heat-modifiable. The structural and functional aspects, along with equilibrium unfolding of IbeA, were studied in solution. The far-UV CD spectrum of IbeA at pH 7.0 has a strong negative peak at 215 nm, indicating the existence of beta-sheet-like structure. The acidic unfolding curve of IbeA at pH 2.0 shows the existence of a partially unfolded molecule (molten globule-like structure) with beta-sheet-like structure and displays strong 8-anilino-2-naphthyl sulfonic acid (ANS) binding. The pH dependent intrinsic fluorescence of IbeA was biphasic. At pH 2.0, IbeA exists in a partially unfolded state with characteristics of a molten globule-like state, and the protein is in extended beta-sheet conformation and exhibits strong ANS binding. Guanidine hydrochloride denaturation of IbeA in the molten globule-like state is noncooperative, contrary to the cooperativity seen with the native protein, suggesting the presence of two domains (possibly) in the molecular structure of IbeA, with differential unfolding stabilities. Furthermore, tryptophan quenching studies suggested the exposure of aromatic residues to solvent in this state. Acid denatured unfolding of IbeA monitored by far-UV CD is non-cooperative with two transitions at pH 3.0-1.5 and 1.5-0.5. At lower pH, IbeA unfolds to the acid-unfolded state, and a further decrease in pH to 2.0 drives the protein to the A state. The presence of 0.5 m KCl in the solvent composition directs the transition to the A state by bypassing the acid-unfolded state. Additional guanidine hydrochloride induced conformational changes in IbeA from the native to the A-state, as monitored by near- and far-UV CD and ANS-fluorescence.